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ABSTRACT 

EFFECT'OF COLD AND OF CHYMOTRYPSIN ADMINISTRATION 
ON THE ANTIFIBRINOLYTIC ACTIVITY OF BLOOD 

OBJECT 

To continue previous investigations (1,2) on the equilibrium between 
fibrinolysrs  and antifibrinölysis  in blood during  conditions  of  stresfsj 
•the  antifibrinolytic "activity in the  blood of  rats and of human subjects 
was  measured after   exposure  to  cold.        The   effect of chymqtryp.sin 
administration on the antifibrinolytic activity in the  blood of rats and of 
rabbits was also studied. 

RESULTS AND CONCLUSIONS 

In rats, exposed %o a temperature of +4°C for 18 days, it was found 
that the antifibrinolycic activity was increased by 20 per cent. It was 
observed that exposure of rats to +4°C for 18 days caused a fall in the 
plasma fibrinogen concentration of about 23 per cent. 

i 
In man,   the  normal antifibrinolytic titer  was  found tobe  121 units j 

per ml of plasma. In 93 determinations in men either exposed tö or 
injured (frostbite) by cold the average antifibrinolytic titer was found to 
be 151 units;    This was 25 per cent higher than the average control. 

Administration of chymotrypsinto either rats or to rabbits produced , 
a. lowering of the  antifibrinolytic titer,   the  degree  and length of effect H 
being dependent on the quantity of chymotrypsin administered. 

The possible significance of these and earlier  observations (1,2) on 
the fibrinolysis-antifibrinölysis, system in blood is discussed. 



RECOMMENDATIONS 

Correlation between the fibrinolysis-antifibrinolysis level in blood and 
the tendency lor thrombosis or hemorrhage should be established. 
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EFFECT OF COLD AND. OF CHYMOTRYPSIN ADMINISTRATION 
ON THE ANTIFIBRINOLYTIC ACTIVITY OF BLOOD 

I. INTRODUCTION 

Continuing previous investigations on the equilibrium between 
fibrinplysis and antifibrinolysis in blood during certain conditions of 
stress (1 > 2)i the antifibrinolytic activity in the blood of rats and of 
human subjects was measured after exposure to cold. "Antifibrinolytic 
activity" äs used here is the resultant of the amounts of "fibrinolytic" 
enzyme and inhibitor present. 

Because   of the possible value  in dissolving an intravasculär clot, 
the effect of chymotrypsin administration on the antifibrinolytic activity 
of blood was studied in rats and rabbits. 

II, EXPERIMENTAL 

A.    Cold exposure and antifibrinolytic activity. 

Sprague-Dawiey male albino rats averaging 200 grams were 
housed in a constant temperature room at +4iGC for 18 days,. A control 
group was kept at +22°C. Purina Laboratory Chow was fed to both 
girbupj; The "cold" animals gained ah average of 20 grams and the 
control group;  an average of 75 grams. 

Blood   (1. 8 ml), was withdrawn by cardiac puncture into 0.2 ml 
of 3. 8% sodium citrate.    The   sample was  centrifuged at 280Ö rpm for 
30 minutes  at +5°C.      The  supernatant plasma   was  removed,    frozen 
immediately at -30°C and  stored' at this  temperature.    Antifibrinoiytic, 
activity determinations were done within two days after  the withdrawal 
of the blood. 

An. opportunity t? study the effect of cold exposure on the anti- 
fibrinolytic titer in man was afforded during A^my maneuvers at "Exer- 
cise Snowfall", Camp Drum, New York,, during January -and February',' 
X -9-5-2- All -.of :the. men-i-n-the.-exe-r-ci-se; had- :beeii- -ihte-r.-miitantl^!' -exia© fiLed to. 
wintry conditions at temperatures ranging from +5°C to -29°C for one to 
three months. During the final phase of the maneuvers the exposure (as 
low as  -25°C) was continuous for three to eight days. 

All patients with cold injury were studied by a research team 
assigned to Camp Drum. Plasma samples from patients and controls 
were obtained and flown in the frozen state to Fort Knöx. 
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D.    F ibr ino ge n determinätion. 

The fibrinpgen concentration in plasma was determinedaccprding 
to the method of R'atnoff and Menzie (3). 

TXT._      Rjr.STXT.TS 

Exposure of rats: to +4°C for 18 days produced an increase of about 
20% in the antifibrinolytic activity of the blood (Table I). The finding 
that exposure to cold causes a fall in the plasma fibrinpgen concentration 
(Table I) agrees with similar observations of Henriques, Henriques and 
Selye (4). 

V-* ^^J^a^i**^~~&tt&l!l*%msmm 

The men were  classified into 4 groups:    1) controls, including f 
men prior  to cold exposure   (43  total);.    2) normal men 3  days,   after ] 
continuous cold exposure (6 total);   3) minor cold injury cases including 
thpse^ with either 1st degree frostbite or ill-classified cold condition of 
the feet   (13 total);   4) patients  with frostbite   (7 had 4th degree injury, 
2 had. 3rd degree injury,  and 65,  2nd degree injury); 

B. Chymotrypsin and antifibrinolytic activity. 

Crystalline sält^free chymotrypsin (Armour )was: dissolved in 
Krebs* buffer (pH 7. 4) and immediately administered intracärdially to 
Sprague-Dawley male albino rats (average, weight, 250 grams) and to 
New Zealand male albino rabbits (average weight, 2400 grams). Doses 
(0. 5 to 1. 0 ml) ranging from 8 to 40 mgm/kgm body weight were ad- 
ministered to rats and doses of 3 to 15 mgm/kgm body weight were 
administered to rabbits. 

Blood samples were obtained by cardiac puncture at intervals 
of 10 minutes to 48 hours following chymotrypsin administration. 

C. Determination of antifibrinolytic activity,, 

The  antifibrinolytic activity  was  obtained by determining the 
residual fibrinolytic activity of a  standard amount of trypsin after in- 
cubation with appropriately diluted unknowr^piasma-sample s, as pre viöus - 
ly described (2).,    Crystalline trypsin was used instead of plasmiii     for 
reasons of purity and reproducibility.. 

One antifibrinolytic unit is defined as that amount of antifibrino- 
lysinwhich will neutralize one fibrinolytic (trypsin) unit after 30 minutes 
incubation at +25°C and pH 7. 25. 

': if**«» I , - • **' 
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The average antifibrinolytic titer iii normal human subjects was 
122 units per ml of plasma  (Table II).    Of 93 determinations in men 
either exposed to or injured  (frostbite) by cold, the average antifi? 
brinplytic level was 151 units.   This represents anincrease of approxi- 
mately 25% above normal.    No difference  of statistical significance 
was notedbetweenthe injured and uninjured group after cold exposure. 

Administration of chymotrypsin to rats (Table III) and to rabbits 
(Table IV) produced a lowering of the antifibrinolytiC-titer. This was 
achieved with 8 to 40 mgm/kgm in the rat and 15 mgm/kgm in the 
the rabbit. At intervalsoi-2'4.and48hours* after administration of the 
enzyme the antifibrinolytic titer was found to> be above normal, The 
40 mgm/kgm dose in rats caused a mortality of 13%. Those which 
survived this dose exhibited pallor and, mild flaccidity, 

IV.    DISCUSSION 

The observation of an elevated antifibrinolytic titer in blood after 
exposure to cold possibly may be correlated with the development of 
intravascular occlusion observed in frostbite (5). Guest, Daly, Ware 
and Seegers have reported an increased antifibrinolytic activity in 
certain clinical cases iii some of which the possibility öf thrombosis 
existed (6). 

The fibrinolysis - antifibrinölysis system is generally considered 
not to be strictly a part of the blood clotting process.    However,  one 
may consider blood clotting (fibrin formation) as  a dynamic process 
which is  continuously taking place at ä restricted but definite rate. 
The observed comparatively rapid turnover of prothrombin, fibrinogen, 
and platelets substantiates such an assumption.    Fibrinolysis maybe 
the natural physiological means whereby this  continuous fibrin for- 
mation is limited.     In other words,, there .may exist a dynamic equi-; . 
librium between  fibrin formation  and fibrinolysis which maintains 
the fluidity of the blood. 

It has been suggested tha# the normal integrity of the vascular 
wait may he dependent upon a normal process of fibjcinformation (7^8). 
Jtmasybe possible that whenever this p.rocess is accelerated (decreased 
fibrinolytic activity - increased antifibrinolytic activity), intravascular 
clotting may occur, while in conditions when clot formation is retarded 
(increased fibrinolytic activity - decreased antifibrinolytic activity), 
abnormal bleeding may occur. The present observations that increased 
antifibrinolytic actitfit/ may be. associated with intravascular clotting 
and the previous findings (l,2)\that decreased antifibrinolytic activity 
may be associated with hemorrhage seem to agree with the above 
concept. 

3^4*'*jf- :''0' T-" .!-•'>    «< 
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The finding that chymotrypsin produces a lowering of the ahtifi- 
briiiolytic activity indicates its possible efficacy iii the dissolution of 
an intraya°sculär clot. 

V, SUMMARY 

Exposure of rats; and of human subjects to cold produced an 
elevation of the antifibrinolytic titer in the blood. Administration of 
chymotrypsin to rats and rabbits caused a decrease in the antifibrino- 
lytic activity of blood, The possible significance of these and earlier 
observations on the fibrinolysis - antifibrinolysis system in> blood is 
discussed* 

VI. RECOMMENDATIONS 

Correlation between the fibrinolysis - antifibrinolysis level in. 
blood and the tendency for thrombosis or hemorrhage should be 
established. 
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TABLE HI 

ANTIFIBRINOLYTIC ACTIVITY 0F RAT PLASMA AFTER 
INTRACAR3IAC ADMINISTRATION OF CHYMOTRYPSIN 

r = 

H 

Chymbtrypsin   '. i     Time After No.  of Antif ibr ino ly ti c 
.{mgm/kgm Ghymotrypsin ! Animals Activity;   Units / 

body weight) Injection ml of Plasma (aver.) 

None 
(Control) -~~- 65 104 

8 10 miri. 3 78 

12, 10 rridn. •.         P- TI                ; 

16 1Ö min. 3 6Q 

24 10 min. 3 64 

40 l'Ö min. 3 5,1 

40 3'0 min. 3 40 

4.0 Z hr5s, 3 45 

40 5 hrs. 3 70 

40 24 hrs. 3 121 

40 48 hrs. 2 132 
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measured after exposure to cold. The effect of chymotrypsln administration on the 
antiflhrinolytlc activity in the blood of rats and of rabbits-was also studied. In rats 
exposed to a temperature of +4°C for 18 days, it was found that the anüübrinolytic 
activity was increased by 20%. In man the normal antiflhrinolytlc titer was found 
to be 121 units per ml of plasma. Administration of chymotrypsln to either rats or 
to rabbits produced a lowering of the antifibrinolytic titer, the degree and length of 
effect being dependent on the quantity of chymtorypsin administered. 
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